A phylogeny of the lichen moth tribe Lithosiini has been constructed based on adult morphological characters. Specimens of 76 species representing 49 genera and each of the seven subtribes that have been proposed, as well as genera that have yet to be placed within a subtribe, were examined. When possible the type species of each genus was included in the analysis. Eighty-two characters from the external morphology and male and female genitalia were coded. The dataset was analyzed using both Maximum Parsimony and Bayesian phylogenetic methods with outgroup taxa selected from the subfamily Aganainae and tribe Arctiini. The morphological characters show the tribe Lithosiini as a monophyletic lineage, but could not assess the monophyly of the seven subtribes that have been hypothesized. The clades that are resolved by our phylogenetic analysis were composed only of genera representing a single subtribe or those that have not previously been placed in a subtribe. These results provide support for the existence of subtribes within the Lithosiini and represent the most extensive examination of the phylogeny of this tribe to date.
Introduction
Lepidopteran larvae have evolved a wide variety of feeding habits, which include consuming the fungal symbiont of lichens (lichenivory). This feeding behavior has arisen several times within the ditrysian Lepidoptera (Rawlins 1984) . The majority of the licheniverous lineages are composed of less than two-dozen species, but the lichen moth tribe Lithosiini (Lepidoptera: Erebidae: Arctiinae) contains approximately 3150 described species. Furthermore, the Lithosiini are the only lineage known to be capable of sequestering phenolics produced by the fungal symbiont of the lichen (Hesbacher et al. 1995; Wagner et al. 2008) . Both the adults and larvae are thought to use the phenolics as defensive compounds (Weller et al. 1999) . The adults of both brightly colored, mimetic lineages (e.g., Hypoprepia Hübner) and drably colored individuals (e.g., Agylla Walker) have been found to be unpalatable to bats and birds (Acharya & Fenton, 1992; Collins & Watson, 1983; Sargent, 1995) . Although the tribe is well known for its larval feeding behavior, no work has been done to clarify the evolutionary relationships among the genera. Until a phylogeny is reconstructed, it will not be possible to study the evolution of lichenivory and other traits in the life history of these moths.
The classification of the tribe Lithosiini has undergone several changes since its original description. Stephens (1829) described the lichen moths as the family Lithosiidae. Hampson (1900) reduced Lithosiidae to a subfamily of Arctiidae, Lithosiinae. However, some authors continued to recognize the family Lithosiidae (Hampson 1920; Kiriakoff 1951 Kiriakoff , 1963 Forbes 1960) . Although Kiriakoff (1963) applied the name Lithosiidae, he noted that the tympanic structures of most lithosiine genera do not differ from the structures found in Arctiidae. Forbes (1960) stated that Lithosiidae was probably no more than a subfamily of Arctiidae, and his use of Lithosiidae was to maintain consistency with his earlier publications. More recently, during the course of remedying the paraphyly that had been identified within Noctuidae (Weller et al. 1994; Mitchell et al. 1997 Mitchell et al. , 2000 Jacobson & Weller 2002) , Lafontaine & Fibiger (2006) reduced the Arctiidae, Nolidae, Strepsimanidae, Lymantriidae and Erebidae (sensu Fibiger & Lafontaine, 2005 ) to subfamilies of Noctuidae. As a result of this revision, Lithosiinae was reduced to the tribe Lithosiini. In the most recent phylogenetic analyses of the superfamily Noctuoidea (Zahiri et al. 2011 (Zahiri et al. , 2012 , Erebidae was reassigned family status, and Arctiinae and Lithosiini are now treated as members of Erebidae.
While the classification of the lichen moths has undergone several transitions, very little is known about the evolutionary relationships of the tribe at any taxonomic level. Three separate phylogenetic studies (Wink & von Nikisch-Rosenegk 1997; Jacobson & Weller 2002; Zahiri et al. 2012) have recovered Lithosiini as a monophyletic clade. Jacobson & Weller (2002) used morphological characters to assess the monophyly of the five tribes of Arctiinae. Lithosiini was recovered as one of three monophyletic tribes, and eight synapomorphies were identified. All of these synapomorphies arise from the larval morphology. Wink & von Nikisch-Rosenegk (1997) amplified the 16S rRNA gene for taxa from Arctiinae (including five species of Lithosiini) and Nymphalidae to examine evolution of pyrrolizidine alkaloid and cardiac glycoside sequestration. Zahiri et al. (2012) used 8 genes (1 mitochondrial and 7 nuclear) to examine the evolutionary relationships within the family Erebidae. All of these analyses found the Lithosiini to be monophyletic; however, the taxon sampling was insufficient (7, 5 and 5 genera, respectively) to infer relationships among the genera. While Lithosiini has been recovered asone of three monophyletic tribes of Arctiinae, there are two hypotheses about the evolutionary relationships among the tribes. Jacobson & Weller (2002) found that Lithosiini and Syntomiini were sister taxa. This relationship was supported by six synapomorphies (3 adult and 3 larval characters). The Lithosiini + Syntomiini clade was sister to Arctiini. However, Bendib & Minet (1998) hypothesized that the Syntomiini were sister to Arctiini based on the morphology of the female dorsal pheromone gland. Most recently, Zahiri et al. (2011 Zahiri et al. ( , 2012 recovered Lithosiini as the sister taxa to a clade composed of Syntomiini and Arctiini. The only other phylogenetic analysis conducted specifically on Lithosiini examined the monophyly of the genus Agylla (Jacobson, 1995) . At the time of the study, Agylla was composed of 138 species making it the fifth largest genus within Lithosiini. However, the cladistic analysis of morphological characters suggested that the genus was paraphyletic.
Although no phylogenetic studies have been completed that examine the evolutionary relationships among the genera of Lithosiini, several authors have proposed the existence of relationships among groups of genera (Table 1) . Forbes (1939a) referred to generic groups but stated, "the classification of the Lithosiinae is too uncertain to make discussion of value" (Forbes 1939a, p. 169) . Based on his study of the genitalia of lithosiine genera that occur in West Africa, Birket-Smith (1965) proposed the existence of either a subtribe and two supergenera, or two subtribes, within Lithosiini. However, he noted that given the amount of variation present in the genitalia these should be considered interim groupings until the entire tribe Lithosiini had been studied. Franclemont (1983) also recognized Afridina as a subtribe of the Lithosiini. However, Kitchings & Rawlins (1998) have since treated this subtribe as a subfamily of Nolidae.
Most recently, Bendib & Minet (1999) proposed the existence of seven subtribes (Figs 1A-V) within Lithosiini: Phryganopterygina, Acsalina, Lithosiina, Cisthenina, Nudariina, Endrosina and Eudesmiina. They provided definitions for all of the subtribes except Lithosiina using larval, pupal, and adult morphological characters. Lithosiina was left to be treated in a later work. They noted that larval characters, such as the presence of a mandibular mola (a structure hypothesized to help the larvae grind the tougher fungal tissue of lichens ; Gardner 1943) , are the most reliable for accurately Table 1 . Comparative table of generic groups of Lithosiini, including the location of the taxa the author was studying. placing taxa within Lithosiini. However, no analyses were conducted to determine whether the morphological characters that were proposed to define the subtribes represent synapomorphies, symplesiomorphies or are homoplasious. Holloway (2002) noted that two of the adult characters defined as autapomorphies of the subtribe Nudariina have evolved in parallel in other lithosiine subtribes. Also, Holloway (2002) was unable to place all Bornean Lithosiini within subtribes using the descriptions provided by Bendib & Minet (1999) . Despite these complications, the classification proposed by Bendib & Minet (1999) has been adopted in more recent publications (Holloway 2002; Ferguson & Opler 2006; Schmidt & Opler 2008; Powell & Opler 2009 ). Based on the work of Bendib & Minet (1999) and other authors who recognized generic groupings, 112 genera have been placed within subtribes. However, that leaves the majority of the estimated 457 genera of Lithosiini (Jacobson & Weller, 2002) unplaced (Fig. 1W-Z) .
As noted by Bendib & Minet (1999) and demonstrated in Jacobson & Weller's (2002) phylogeny, larval morphological characters are the most consistent for placing species within the tribe Lithosiini. However, the larvae of many of the species that occur in the tropics have not been found (Holloway 2002) . Adult characters, such as the wing venation and absence of ocelli, have also been used to place species into Lithosiini. However, using the loss of ocelli to place species within Lithosiini led to aocellate phaegopterine genera (Pygoctenucha Grote and Lerina Walker) being mistakenly placed within the tribe. Furthermore, the use of wing venation caused the true lithosiine genus Lycomorpha Harris to be misplaced within Euchromiini (Forbes, 1960) .
In this paper, we report the first phylogenetic analysis of the tribe Lithosiini using morphological characters coded from adult specimens. Species representing each of the seven subtribes, as well as those not currently placed in a subtribe, are examined. The contribution of the adult morphological characters to the resolution of the evolutionary relationships within the tribe is assessed. In addition, the phylogeny is examined to study the evolutionary relationships within Lithosiini, and determine whether support existed for the subtribal relationships proposed by Bendib & Minet (1999) .
Materials and Methods

Taxon sampling
Seventy-six species representing each subtribe of Lithosiini, as well as genera that are not currently assigned to a subtribe were sampled (Table 2) . When available, the type species of a genus was included in the analysis. Male-female pairs were available for all but five species. Outgroup taxa from the subfamily Aganainae and the tribe Arctiini were included in the analysis. Aganainae has been recovered in the sister clade to the Arctiinae in several phylogenetic analyses (Kitching 1984; Zahiri et al. 2011 Zahiri et al. , 2012 . Furthermore, Zahiri et al. (2011 Zahiri et al. ( , 2012 found the Lithosiini to be the most basal lineage of Arctiinae. Asota heliconia Linnaeus was included as the representative of this subfamily. Pagara simplex Walker, the other outgroup taxon, is considered an aocellate phaegopterine (Bendib & Minet, 1999 ) that has previously been treated as a lithosiine (Forbes 1960; Franclemont, 1983; Covell 1984) . The larvae of P. simplex lack a mandibular mola (Forbes, 1960) . The mandibular mola is a synapomorphy of the tribe, and presently it is this character that is used to definitively place species within the tribe. Ferguson & Opler (2006) transferred P. simplex to the tribe Arctiini. See Table 3 for the full species list and the locality data for dissected specimens.
Morphology
Dissections of the genitalia were prepared using standard methods (Winter 2000) after softening the abdomens in warm 10% KOH aqueous solution for 30-90 min. Specimens were viewed in 20% ethanol, and the material was subsequently stored in glycerol. External morphological characters were coded from pinned, dried specimens. All characters were scored using a Nikon SMZ800 light microscope. Pencil drawings were made to illustrate characters and states using a camera lucida. The drawings were scanned and saved as PDFs. These files were imported into Adobe Illustrator CS5 and inked using the pen tool. The terminology for male and female genitalia follows Klots (1970) , Kristensen (2003) and Forbes (1939b Forbes ( , 1954 . Although Birket-Smith (1965) proposed a new nomenclature for the genitalia of Lithosiini, homologous structures cannot be identified with confidence in subtribes other than Lithosiina. The terminology for the wing venation follows Kristensen (2003) .
Characters Examined
Eighty-two morphological characters (68 binary and 14 multistate; 183 states) were scored for all of the species sampled (Table A1 in the Appendix). Morphological characters are as follows: head (7 characters, 16 states), thorax (5 characters, 11 states), wings (12 characters, 25 states), abdomen (3 characters, 7 states), male abdomen and genitalia (38 characters, 85 states), and female abdomen and genitalia (17 characters, 39 states). Multistate characters were treated as unordered. When characters were linked, e.g., the presence of the radial vein and all of the radial sector veins (Character 13) and the branching pattern of R1 and Rs1-Rs4 (Character 14), resulting inapplicable characters were coded as missing "?" (Strong & Lipscomb 1999) . Linking the characters allows the presence of the structure to contribute to the analysis and document variation in the structure without overly simplifying characters (Pogue & Mickevich 1990) .
Phylogenetic Analysis
Phylogenetic trees were constructed using both parsimony and Bayesian analyses. Maximum Parsimony (MP) analysis was performed in PAUP* 4.0b 10 (Swofford 2003) . A heuristic search of 1000 random-taxa additions using the tree bisection reconnection (TBR) algorithm was performed to identify the most parsimonious cladogram topology. Nodal support for the strict consensus of the MP trees was evaluated using Bremer support indices (BS : Bremer 1988 : Bremer , 1994 . Bremer support indices were calculated in PAUP* using a command file produced with TreeRot.v3 (Sorenson & Franzosa 2007 ) that searched for trees inconsistent with the constraint statement given for each node of the strict consensus tree. When discussing our results, we define support values as giving weak (BS 1-2), moderate (BS 3-5), good (BS 6-10), or strong (BS ≥ 11) support Wahlberg et al. , 2005 . The Bayesian Inference (BI) analysis was conducted using MrBayes 3.1.2 (Ronquist & Huelsenbeck 2003) . The Mk + Γ model (Lewis 2001 ) was used to analyze the morphological dataset, which had been input as standard. The Γ parameter was included in the model because Lewis (2001) considers it to be the most appropriate way to allow for rate heterogeneity in morphological character evolution. The Bayesian analyses were performed with four chains, one cold and three hot, using the default temperature settings. Five simultaneous, independent runs of 2 × 10 7 generations were conducted. The Markov chain Monte Carlo (MCMC) chains were started at random trees. Samples were drawn from the cold chain every 1000 generations. Five million generations were discarded as 'burn-in'. The probabilities of the five runs were summarized, and the potential scale reduction factor (PSRF: Gelman & Rubin 1992) was calculated to confirm that the runs had converged. The PSRF value should approach 1 as the independent runs converge. The trees from the Bayesian analysis were summarized as a majority rule consensus tree. Posterior probability (PP) provided the clade credibility values for the tree. The consensus trees from both types of analysis were visualized using FigTree v1.3.1 (Rambaut 2010) .
Results
Phylogenetic Results
Analyses were based on 82 adult morphological characters sampled for 78 species. The Maximum Parsimony (MP) analysis resulted in 4408 MP trees with a length (L) of 736, consistency index (CI) of 0.10 and a retention index (RI) of 0.34. The Bayesian Inference (BI) analysis produced a phylogram with a mean tree length (TL) of 16.36 with a variance of 1.08. Both analyses were rooted on the subfamily Aganainae (Asota heliconia). Although all of the lithosiine species were found in a single lineage in the optimal cladogram from the parsimony analysis, there was no nodal support for this clade. Although the MP analysis was not able to recover the tribe as monophyleteic, the Bayesian analysis did (PP ≥ 0.66). Neither of the analyses was able to entirely resolve the evolutionary relationships among the genera of the tribe. The strict consensus of the MP trees produced a cladogram with no resolution of the deeper nodes (Fig. 2) . The majority of the clades that were found on this tree received only moderate Bremer support. The low level of resolution in the MP cladogram, as well as the low nodal support may be due to high levels of homoplasy present in the morphological characters (Table A2 in the Appendix). While 81 of the characters were parsimony informative, most had very low CI and RI values. The BI phylogram (Fig. 3 ) had a somewhat more resolved topology than the MP cladogram, and several of the nodes received strong posterior probability support values. Despite the low level of resolution present in each cladogram, both analyses recovered identical relationships among certain genera and species. While the two cladograms contain similarities, novel evolutionary relationships were also recovered by both phylogenetic methods. Our analyses found genera representing the subtribe Cisthenina present in seven separate clades. Cisthenina is currently composed of 45 genera that are found in both the Old and New World. However, there were several of the species representing the subtribe Cisthenina whose evolutionary relationships are entirely unresolved. The largest of the Cisthenina clades was comprised of the brightly colored, New World genera Lycomorpha and Propyria Hampson with strong support (PP ≥ 0.98, BS = 3). Both genera are apparent mimics of other arctiines, zygaenids and lycid beetles. Furthermore, a strongly supported polytomy (PP ≥ 0.98) was found between this clade, the genus Dolichesia Schaus, and the weakly supported clade (PP ≥ 0.53) composed of Hypermaepha Hampson, Lycomorphodes Hampson, and Talara Walker. Strong support (PP = 1, BS = 3) was found for a clade containing the Neotropic genus Euthyone Watson and the genera Bruceia Neumoegen and Haematomis Schaus. Bruceia was found to be paraphyletic as defined, and there was strong support (PP ≥ 0.96, BS = 3) for a sister relationship between Bruceis pulverina Neumoegen and Haematomis mexicana (Druce). Metalobosia Hampson and Odozana Walker were also recovered as sister (PP ≥ 0.79, BS = 2). The remaining Cisthenina clades provided support for monophyly of genera with the exception of Ptychoglene Felder. A sister relationship was found between Pt. erythrophora Felder and Pt. sanguineola (Boisduval) (PP = 1, BS = 4). However, the placement of the remaining species Pt. coccinea (Edwards) was unresolved. In addition, Clemensia Packard was recovered as a monophyletic lineage with strong support (PP ≥ 0.99, BS = 7). There was also weak support (BS = 1) for a sister relationship between Clemensia and a clade formed of the only Old World Cisthenina present in the analysis, Aemene Walker, and the unplaced Old World genus Heliosia Hampson (BS = 2). A sister relationship between the Cisthenina genus Rhabdatomis Dyar, which was strongly supported (PP = 1, BS = 3) as monophyletic, and the unplaced genus Epeiromulona Field was also found (PP ≥ 0.54).
The genera representing Lithosiina, a subtribe composed of 38 genera that are both Old and New World in distribution, were found in three clades. The genera Lithosia Fabricius, Eilema Hübner, Crambidia Packard and Pelosia Hübner formed a clade with strong support (PP ≥ 0.97, BS = 3). Within this clade, however, the relationships among the genera were entirely unresolved in both analyses. Weak support (PP ≥ 0.52) was found for a sister relationship between this clade and the genus Cybosia Hübner. The remaining two Lithosiina clades also contained genera that have not received subtribal placement. A strongly supported (PP ≥ 0.99, BS = 4) relationship was present between the Lithosiina genera Apistosia Hübner, Gnamptonychia Hampson and Inopsis Felder, and the unplaced genus Eurylomia Felder. The brightly colored, large adults of each of these genera are mostly Neotropical in distribution. Within this clade, Gnamptonychia and Inopsis were found to be sister (PP ≥ 0.9) and were weakly associated (PP ≥ 0.65) with Apistosia. Finally, the unplaced species Ardonea moria (Walker) was moderately supported (PP ≥ 0.75, BS = 3) as sister to Gardinia Kirby.
There was little resolution of the evolutionary relationships among the genera representing the two subtribes, Endrosina and Nudariina, composed entirely of Old World genera. The relationships that were recovered for the genera representing each of these subtribes were almost entirely unique between the two analyses. Endrosina is composed of two genera that are Palearctic and Oriental in distribution. Both analyses recovered the sister relationship between the two species of Setina Schrank (PP ≥ 0.61, BS = 3). However, no relationship was found between this clade and the other endrosine genus Stigmatophora Staudinger. The relationships recovered between the genera representing Nudariina (21 genera) were entirely different between our two analyses. The MP cladogram recovered a weakly supported clade (BS = 1) containing Miltochrista Hübner, Hemipsilia Hampson and Asura Walker. Within the clade, Miltochrista was found to be paraphyletic, and Asura was polyphyletic. The BI phylogram recovered only a weakly supported (PP ≥ 0.61) sister relationship between Paida Hübner and Cyana Walker.
The entirely New World subtribe Eudesmiina is presently composed of four genera. With the exception of Euryptidia ira (Druce), the species representing Eudesmiina were recovered within a single, moderately supported clade (PP ≥ 0.86, BS = 1). Within this clade, the genus Eudesmia Hübner was found to be paraphyletic as presently defined. The species of Josioides Felder and Eudesmia were recovered as a weakly supported monophyletic clade (PP ≥ 0.67).
The two monogeneric subtribes, Acsalina and Phryganopterygina, were represented in our analyses by a single species each. Their position in both the MP cladogram and BI phylogram was entirely unresolved. The evolutionary relationships of the species representing the genera that have not been placed within a subtribe were mostly unresolved. However, some of these genera (e.g., Eurylomia and Heliosia) and the species Ardonea moria were found in clades composed of genera representing one of the subtribes.
Characters and their phylogenetic usefulness
Here we present the list of phylogenetic characters used in this study. We discuss the phylogenetic usefulness of each character. The individual character indices Consensus Index (CI) and Retention Index (RI) are included after each character. Linked characters are indicated by an asterisk (*). (Fig. 4) , 1: Occurring posteriorly to the eye as a band but not continuous around the base of the eye to the frons (Fig. 5) .
(CI = 0.11, RI = 0.11).
Summary of Head Characters
Although the indices for the head characters were mostly low, some of the characters were useful for defining small clades, and one character defined the tribe. The flagellomere shape varied between filiform and pectinate in both the males and females. Sensilla chaetica were present in most species of both sexes. Their loss defined the Euthyone + Bruceia clade and Eurylomia. Lithosiini was defined by the placement of the sensilla chaetica distally in both males and females. Within the tribe, the occurrence of the chaetica at the tips of the rami arises independently several times. A gena that can be seen as a continuous band around the eye defined the Lycomorpha + Propyria clade and the Ptychoglene clade. This state also arose independently in several unrelated species. 
Summary of Thoracic Characters
Although thoracic characters have been found to be phylogenetically informative in higher-level studies of Notodontidae (Miller 1991) 2002), they contributed little information about the evolutionary relationships of Lithosiini. The tibial spur formula was useful in defining small clades. Most species examined had a formula of 0-2-4. A formula of 0-2-3 defined the Lycomorpha + Propyria clade and Rhabdatomis. A 0-2-2 formula was unique to the Euthyone + Bruceia clade. A long epiphysis defined the Apistosia + Gnamptonychia + Inopsis + Eurylomia clade. It was lost once in Eurylomia. The long epiphysis also arose independently in Asura cervicalis and the outgroup taxon Pagara. The presence of an elongate apical projection on the protibia was unique to the Apistosia + Gnamptonychia + Inopsis + Eurylomia clade. This state was reversed once in Apistosia. The form of the tarsal claw and the presence of a tymbal organ were highly variable undergoing several losses and reversions. 
Summary of Wing Characters
Although variation was present within the venation of the forewing, the characters coded from this region were only useful in defining small groups or species. The loss of the M2 vein was unique to the largest clade of Lithosiina taxa, which contains the genera Lithosia, Eilema, Crambidia, and Pelosia. Within this clade, the state was reversed once in the species Lithosia quadra. The loss of the M3 vein defined Crambidia.
Similarly, the variation present in the hindwing was only useful for defining species or small clades. The Sc + R1 vein was lost six times within the tribe. These losses corresponded to the species that compose the largest clade of Cisthenina recovered by the Bayesian Inference analysis. However, this relationship was not recovered in the Maximum Parsimony analysis. The M2 vein was lost 17 times in Lithosiini. The occurrence of a CuA1 and M3 vein that were fused and stalk beyond the distal margin of the discal cell arose 19 times. 
Summary of Abdominal Characters
Although variation was present in the anterolateral process (ALP) on the second sternite, this variation was not phylogenetically informative. The ALP was lost in three unrelated genera (Eilema, Hypermaepha and Hemipsilia). An ALP that was located at the proximal end of the apodeme arose independently eight times within Lithosiini. Most species examined possessed a flattened, sclerotized lobe ALP. The sclerotized bar form of the ALP arose independently ten times in the tribe.
Male Abdomen and Genitalia
27) Proximal margin of A8 sternite. 0: Extending dorsad to the edge of the A8 tergite (Fig. 16) , 1: Located entirely ventrad, with no portion extending onto the A8 pleurite or tergite. (Fig. 14) , 2: Extending onto the A8 pleurite but not beyond ( sclerotized dorsal margin of fleshy lobe of valvulla (Fig. 32) , 1: Sclerotized cucullus present on interior surface of valva while fleshy valvulla forms the external surface (Figs 29 and 35) , 2: Cucullus and valvulla form a fleshy lobe with no markings to distinguish either structure (Fig. 38) , 3: Cucullus heavily sclerotized dorsal portion of lobe and valvulla forms the fleshy ventral margin (Fig. 30) ; distal margin of costa occurring as an identifiable break, cucullus fused to both C, costa and S, sacculus with no distinct ends.
(32) Lithosia quadra; costa and cucullus are a continuous structure, distal saccular process extends to the distal apex of the valva and tapers to a point, cucullus and valvulla fused into a contiguous structure with cucullus forming slightly sclerotized dorsal margin of the fleshy lobe of the valvulla. Abbreviations: C, costa; CU, cucullus; CV, cucullus and valvulla; DSP, distal saccular process; FV, fleshy valvulla; PB, processus basalis; PE, proximal editum; S, sacculus; SC, spiny corona; T, tendon. Scale bar = 1 mm. 
Summary of Male Characters
The male genitalia accounted for 38 of the 82 characters examined. Although the character indices within this suite of characters were generally low, these characters illustrated the variation across genera. The only character coded from the abdomen referenced the form of the proximal margin of the eighth sternite. The tribe was defined by a proximal margin that extended onto the pleurites but not beyond onto the tergite. All of the other states also occur within the tribe. In addition, the character varied within some genera (e.g., Eilema). Although none of the species examined possessed coremata (inflatable androconial structures occurring between the seventh and eighth sternites ; Ferguson 1985) , pockets of androconial scales were present on the abdominal segments of some males (e.g., Clemensia). However, these structures were so varied that homologous states could not be identified. While these characters were not coded for this analysis, they could be informative in revisions of genera.
The male genital capsule of the Lithosiini was highly variable. The valves and tegumen were greatly modified across genera. In addition, the males of many genera possess pleural sclerites that joined the tegumen and the vinculum. The pleural sclerite was thought to be lost in the subfamily Arctiinae (S. Weller, pers. commun.) . In some of the species examined, the pleural sclerite was found fused to the posterior margin of the tegumen (e.g., Lithosia quadra).
The two halves of the tegumen were fused for some or all of their length in the majority of the species examined. In the species where fusion was present, the tegumen could occur as a sclerotized plate that is entirely separate from the vinculum (e.g., Lycomorpha). In addition, some species possessed sutures that could be used to identify the two halves of the tegumen. While the presence of fusion was the most common state, the two halves of the tegumen were entirely separate in some species of Lithosiini.
The valves of Lithosiini varied from having an external face that was completely sclerotized to one that had fleshy lobes present. The genera currently placed in Acsalina, Cisthenina and Eudesmiina possessed the former state. The latter state was found in the remaining subtribes. In the taxa with a sclerotized external face of the valve, it was not possible to identify the margins of the costa and the sacculus. However, some species possessed a break in the sclerotization on the costal margin that could be used to identify the distal end of the costa. On the inner face of the valve, structures such as an editum, clasper and corona of the cucullus were present in some species.
The phallus of Lithosiini was highly variable. Most species had a well-developed caecum on the basiphallus. The vesica was often ornamented with ruggose patches, sclerotized bars/plates, or cornuti. However, ornamentation was completely absent in some species (e.g., Lycomorpha splendens Barnes and McDunnough). 
Summary of female abdominal and genitalic characters
Eighteen characters were coded from the female genitalia. Similar to the male genitalia, these characters helped to illustrate the variation among the genera. The seventh abdominal segment of some species was found to be more heavily sclerotized than the preceding segments. When the sclerotization was present, it could extend around the segment unbroken or possess membranous regions on the sternite, tergite, or pleurites.
The ostium bursa was located in the seventh sternite, the intersegmental membrane between the seventh and eighth sternite, and the eighth sternite. When the ostium bursa occurred in the intersegmental membrane of species with a heavily sclerotized seventh segment, a deep indentation in the posterior margin of the seventh sternite where the ostium bursa occurred was sometimes found (e.g., Lycomorpha grotei (Packard)). Sclerotization of the ductus bursa was present in most species. The presence of signa on the corpus bursa defined Lithosiini. Within the tribe, signa were lost in five species. The number of signa present varied. It was possible to count the separate signa in some species (e.g. two signa, L. grotei). However, some species possessed many single signa that formed a large patch covered a broad area of the corpus bursa (e.g., Stigmatophora). This condition was coded as a separate state from the species that possessed three or more separate signa. 
Discussion
This is the first phylogenetic study conducted on the tribe Lithosiini using morphological data and broad taxon sampling. Previously, the use of adult morphological characters to place species within the tribe has proved problematic. The use of these characters has included true genera of Arctiini but resulted in the exclusion of Lithosiini genera. Our analyses indicated thatthe adult morphological characters did not provide a strong enough phylogenetic signal to resolve the older, higher-level relationships within the tribe. In addition, these characters were only able to recover Lithosiini as monophyletic in the BI analysis. It is possible that the inclusion of characters coded from the endoskeleton sensu Snodgrass 1993 of the adults may help to resolve the deeper nodes. These endoskeleton characters have been found to be informative at the tribal level within Arctiinae (Jacobson & Weller 2002; DaCosta & Weller 2005) .
With the low level of deeper node resolution present in our results, it was not possible to assess the monophyly of any of the subtribes proposed by Bendib & Minet (1999) . The genera representing each of the subtribes were either found in small clades or their placement was unresolved. However, the clades that included individuals from multiple genera contained only genera from a single subtribe or those genera that have not yet been placed in a subtribe.
The results found genera of the largest subtribe Cisthenina in several clades. Four of these clades contained representatives of multiple genera. The largest clade was a strongly supported (PP ≥ 0.98) polytomy among the genus Dolichesia, the Lycomorpha and Propyria clade, and a Lycomorphodes, Talara and Hypermaepha clade. DNA barcoding has also recovered a close relationship among Lycomorpha, Lycomorphodes and Talara (C. Schmidt, pers. commun.) . Within the Lycomorpha and Propyria clade, our results from the Bayesian analysis suggested that the two genera were synonymous. The adults of these two genera share similar color patterns, and Propyria schausi (Dyar) was originally described as a species of Lycomorpha. This was not the only example of paraphyly that the results found within a Cisthenina genus. Bruceia was found to be paraphyletic with respect to Haematomis mexicana. The ranges of Bruceia and H. mexicana overlap within the southwestern United States. However, H. mexicana is not the type species of the Haematomis. Until the type species of Haematomis can be included in an analysis of these genera, it will be unclear whether they are synonyms or H. mexicana is misplaced. The only Old World Cisthenina included in the analysis, Aemene altaica (Lederer), was found to be sister to the unplaced Old World Heliosia. Furthermore, this clade was recovered as sister to the New World Clemensia. Forbes (1939a) considered Clemensia to be related to the Old World Nudaria generic group. Forbes later (1960) hypothesized that the genus was closely related to genera, such as Siccia Walker, found within East Asia. Siccia is presently placed within Cisthenina, and Bendib & Minet (1999) considered Aemene to be a synonym of Siccia. However, Holloway (2002) has resurrected Aemene as a separate genus.
Genera representing the second largest subtribe, Lithosiina, were found in three clades. The type genus of the subtribe, Lithosia, was found in a strongly supported (PP ≥ 0.99, BS = 3) clade containing the genera Eilema, Crambidia and Pelosia. Forbes (1960) noted that the New World genus Crambidia and the New World Eilema bicolor (Grote) were closely related to Lithosia. The relationships within this clade were not resolved among the genera or among the species representing each genus. However, as noted by Birket-Smith (1965) and Holloway (2002) the genus Eilema, as presently defined, does not comprise a natural group.
The results recovered entirely different relationships among the genera of Nudariina, the third largest subtribe, depending on the type of analysis that was conducted. The results from the MP analysis recovered a weakly supported (BS = 1) clade containing the genera Miltochrista, Hemipsilia, and Asura. Within this clade, Miltochrista was recovered as paraphyletic, and Asura was found to be polyphyletic. Both of these genera, as currently defined, are very large and possess similar color patterns, which are also found in other Old World lithosiine genera (e.g. Lyclene Moore, Barsine Walker and Adites Moore). Bendib & Minet (1999) specifically stated that the genus Asura was not monophyletic. Holloway (2002) noted that the present definition of this genus overlaps with a previous definition of Miltochrista (Hampson, 1900) . The Bayesian analysis recovered only a weakly supported (PP ≥ 0.61) sister relationship between Cyana and Paida. Bendib & Minet (1999) noted a close relationship between these two genera based on two wing characters (CuA1 and M3 stalked or coincident and a projecting lobe near the base of R2 on the male forewing) and one larval character (fusion of D and SD2 into a single verruca).
Our results recovered very little information on the relationships within the smaller and monogeneric subtribes with the exception of Eudesmiina. All of the species representing Eudesmiina except Euryptidiaira were found within a single clade. Within the clade, the genus Eudesmia was paraphyletic. Furthermore, the relationships between Eudesmia and Josioides suggested that the two genera may be synonymous. This was not unexpected. The adults of the genera that are placed within Eudesmiina are brightly colored with similar patterns. Bendib & Minet (1999) considered an autapomorphy of the subtribe to be the contrasting black/brown and orange/yellow areas present on the wings of Eudesmiina species. However as noted by Powell & Opler (2009) , these color patterns create difficulty in separating species. Within the subtribe Endrosina, the genus Setina was found to be monophyletic. However, no relationship recovered between it and the other endrosine genus Stigmatophora. No relationships were observed for either monogeneric subtribe, Acsalina or Phryganopterygina.
We found support for relationships between some of the genera that have not been placed in subtribes and clades of genera from Cisthenina and Lithosiina. In each instance, the unplaced genus was found to be related to a genus or genera that are distributed in the same area of the world. However, the evolutionary relationships of most of the unplaced genera were not recovered. Holloway (2002) noted that he was not able to place all of the genera of Lithosiini that are found in Borneo into the subtribes proposed by Bendib & Minet (1999) .
Our study found that the adult external morphology does not provide a phylogenetic signal of sufficient strength to resolve the higher-level relationships within Lithosiini. This result was not unexpected given that all the synapomorphies previously identified for the tribe arise within the larval morphology, and the use of adult morphological characters to assign species to Lithosiini has previously resulted in several misplacements. The use of other external morphological characters and internal characters that can only be examined through whole body dissections may help to clarify the evolutionary relationships. The inclusion of larval characters could also provide informative phylogenetic signals. Unfortunately, the larvae of most tropical lithosiines have not been found (Holloway, 2002) . It may also be necessary to use molecular data to resolve the relationships. However, although it was not possible to assess the monophyly of the subtribes proposed by Bendib & Minet (1999) , the relationships that were recovered by the analyses do provide support for the subtribes and the evolutionary hypotheses of other authors. Table A2 . (Cont.) 
